Introduction
Crisis of energy has been considered as global issues. The increase of energy consumption due to increasing of population, number of industries, and lowering the fossil oil reserves have forced Indonesia to produce alternative energy such as biodiesel, biogas, and other biomass energy.
Biogas is a mixture of methane (CH4), carbon dioxide (CO2) and hydrogen sulphide (H2S). The composition of biogas depends on the feedstock used, trace gases such as nitrogen (N2), ammonia (NH3), sulphur dioxide (SO2), hydrogen sulphide (H2S), and hydrogen (H2) [1, 2] . Biogas is produced when certain bacteria digest biological matter such as animal manure, organic wastes, fertilizer and biomass in an anaerobic environment. Anaerobic digestion is one of biological waste water treatment which has many advantages such as cleaner and healthier environment due to lower COD/BOD levels and produces methane as a renewable energy source [1] . Carbon dioxide (CO2) and hydrogen sulphide (H2S) are benefits compounds for biogas. However the used of CO2 and H2S as biofuel due to CO2 reduces the caloric value and H2S is corrosive component for vehicles. The caloric value of biogas which contains 30-40% carbon dioxide concentration is 4800-6900 kcal/m 3 while the pure methane (CH4) is 9000 kcal/m 3 [2] . Therefore, CO2 and H2S must be removed in order to be used as biofuel. The biogas production from anaerobic digestion is a potential fuel for power generators application, if biogas can be upgraded to the same standards as fossil natural gas by CO2, H2S, and other non-combustible component removal [2-4].
A biogas upgrading process can be applied to increase caloric value, minimize corrosion problems, promote it to pseudo-natural gas quality and connect it to a pipeline for network distribution. There are several proper methods to reduce carbon dioxide emissions, such as physical, chemical and biological methods. Carbon dioxide biofixation through microalgae photosynthesis is one of biological methods. Carbon dioxide will be used as a carbon source of biomass through photosynthesis [11] [12] [13] [14] . It was shown that microalgae have higher carbon dioxide fixation rates than terrestrial plants and can thus utilize carbon dioxide from flue gas to produce biomass [15-17]. Many applications have been shown by some authors for converting algae biomass to valuable products [19] [20] [21] [22] [23] . In this study, we developed carbon dioxide biofixation using microalgae in tubular photobioreactor. In this system, we evaluated the growth of microalgae, Chlamydomonas sp., cultivated under variation of gas flow rate and different concentrations of carbon dioxide. The study was limited to carbon dioxide absorption while H2S was not included in this study.
Experimental Method

Microalgae Biofixation
The wild-type microalgae Chlamydomonas sp. was obtained from Central of Biomass and Renewable Energy Laboratory, Chemical Engineering Department, Diponegoro University. The biofixation process of microalgae Chlamydomonas sp. is performed in a tubular photobioreactor under constant temperature of 28oC and atmospheric pressure. The flow rate of gas mixture (CO2 and O2) was varied between 0.031 L/min to 0.071 L/min, while carbon dioxide concentration was 10-40%.
The photobioreactor is continuously illuminated with a fluorescence lamp 60 Watt ( Figure  1 ). . N2 gas; (2). CO2 gas; (3). Gas valve for N2 gas; (4). Gas valve for CO2; (5). N2 flow meter (6) . CO2 flowmeter (7). Flowmeter for microalgae; (8) . tubular coloumn; (9) . Effluent microalgae valve; (10). Lamp, (11) . Elbow; (12) . Valve inlet microalgae; (13) Sampling hole
Measurement of microalgae cells and growth rates
The biomass of microalgae was measured by the absorbance at 680 nm (A680) in an Ultrospec 3300 pro UV/Visible spectrophotometer. Each sample was diluted to give an absorbance in the range of 0.1-1.0. Regression equations of the relationship between optical density and cell dry weight were shown as:
Where y is biomass concentration (g/L) and the value x is optical density (A680). Pure culture of Chlamydomonas sp. was breeded in variations of concentration and gas flow rate of carbon dioxide. This breeding process aims to obtain microalgae growth rate data. Nutrient ratio was not set in the variation experiments of 10% and 20% (% v) carbon dioxide concentration. However, nutrient ratio, which carbon as limiting factor, was used in variation experiments of 30% and 40% (% v) carbon dioxide concentration.
The breeding process was terminated when the value of optical density closed to 1. Optical density analysis can be performed using a spectrophotometer at 680 nm wavelength (OD680). Analysis of carbon dioxide which was absorbed by microalgae can be calculated using the following equation:
Analysis of biomass production was done by plotting the absorbance readings of each variable to a standard curve to be converted into biomass values.
Analysis of dark and light was carried out by cultivating the medium culture at a flow rate of 0.071 L/min and 40% (% v) carbon dioxide concentration. Variation of lighting was done every 6 hours, then analyzed the production of biomass.
Analysis of growth rate and biomass production can be calculated using the following equation:
Annotation:
x (t) = biomass production at a certain time x (o) = the initial biomass Productivity values can be calculated by dividing the biomass production in particular concentration with cultivation time. In the variation of 10% and 20% (% v) carbon dioxide concentration, the system adjusted to P a g e | 12 acidic pH, while the variation of 30% and 40% (% v) carbon dioxide concentration adjusted to alkaline pH.
Results and Discussion
Effect of carbon dioxide flow rate
In this study, carbon dioxide flow rate be varied to determine the effects of carbon dioxide flow rate to the growth rate of microalgae, as shown in Figure 2 . In the study conducted Wilde and Benemann, it used buble column reactor with the variation of carbon dioxide (40% concentration) flow rate 0.1 -0.5 L/min. They concluded that the higher carbon dioxide flow rate, so that the higher productivity and growth rate of microalgae [4] . However, this phenomenon was not seen at 10% and 20% (% v) carbon dioxide concentration. This research used opened design system so that it could cause the residence time of carbon dioxide in the culture medium was not optimal.
Thus, it was necessary to redesign the equipment so that carbon dioxide had longer residence time in the culture medium, and the growth rate of microalgae could be optimized. The equipment that has been redesign, as shown in Figure 2 , used at 30% and 40% (% v) carbon dioxide concentration.
Effect of carbon dioxide concentration
In this study, carbon dioxide concentration is varied to determine the effect of it on the biomass productivity, as shown in Figure 3 .
Carbon dioxide is an important factor affecting the growth and metabolism of microalgae [5] . Microalgae have capability to absorb carbon dioxide in the range of pH and different carbon dioxide concentrations [6] . Figure 3 show that at the variation of 40% carbon dioxide concentration and flow rate 0.071 L / min, microalgae can produce biomass 5.685gr/dm 3 . On the other side, of microalgae production only reached 4.892gr/dm 3 at 10% carbon dioxide concentration. The high concentrations of carbon dioxide (40%) is absorbed by microalgae and used for photosynthesis processes. The photosynthesis takes place in the presence of sunlight and carbon dioxide to produce carbohydrates as the main source of biomass formation. 
Effect of Growth Rate and Productivity
In this study, growth rate of microalgae will be compared with the productivity in terms of carbon dioxide flow rate, as shown in Figure 4 . Growth rate of microalgae is directly proportional to biomass productivity due to the optimal growth rate will result in optimal productivity as well. Microalgae that have optimal growth will be more active to convert carbon dioxide into biomass, so that biomass productivity will be high [7] . Figure 4 shows that in the variation of 10% and 20% (% v) carbon dioxide concentration, both growth rate and biomass productivity increases. Otherwise, in the variation of 30% and 40% (% v) carbon dioxide concentration, either growth rate and biomass productivity begin a constant. This proves that bicarbonate ion (HCO3 -) at 10% and 20% (% v) concentration, still be converted into biomass by the culture with the help of CA (Carbonic anhydrate), while the 30% and 40% (% v) carbon dioxide concentration, CA began to saturate so that the effectiveness of CA, in the use of bicarbonate ion, begin to decrease.
Effect of Nutrient
Macro and micro nutrients are one of important factors that affecting the growth of microalgae. Macro nutrient consisting of C, H, N, P, K, S, Mg and Ca, while the micro-nutrients such as Fe, Cu, Mn, Zn, Co, Mo, Bo, Vn and Si. The most important nutrient in the formation of biomass are N and P [8]. Table 1 The effect of adding nutrients against time of cultivation and the value of µ. Table 1 shows that in Run 1, the time was required for microalgae cultivation (10 days) was longer than Run 4 which only takes 7 days. So that, the growth rate in Run 4 was greater than Run 1. Microalgae obtains foods from the addition of nutrients to support their growth, thus shortening the time of cultivation.
Effect of pH
The higher cells density in the culture medium led to a slightly alkaline environment, thus causes the enhancement of carbon dioxide absorption in the culture medium [9] . Figure 4 shows that in Run 1 and Run 2, pH value in the culture medium more acidic due to insufficient nitrate. While in Run 3 and Run 4, the pH value in the culture medium became more alkaline because of adequate nitrate content (excess). Table 2 shows the ability of Chlamydomonas sp. to absorb carbon dioxide. In their growth phase, microalgae using water as its culture medium, the growth of microalgae is more easily observed than the higher plants. Microalgae can grow very quickly and does not require a large area to its growing media [10] . Carbon dioxide is an important compound that affects the rate of growth and metabolism of microalgae [5] . Table 2 shows the ability of microalgae to absorb carbon dioxide. The amount of carbon dioxide absorption reached 12.09%, proportional to the addition of carbon dioxide concentration. This proved that carbon dioxide was used to increase the number of cells in culture medium. A large number of cells indicated an increase in biomass production. 
Absorption of Carbon Dioxide
Effect of carbon dioxide on CCM / CA
CCM (Carbon dioxide Concentrating Mechanism) is about CA (Carbonic anhydrase) that are present in intracellular or extracellular. CA used to convert carbonate compounds into biomass through photosynthetic process. At a certain point, the carbon dioxide, in the culture medium, will be saturated so it will turn into carbonate compounds if reacted to water. This carbonate compounds will be converted into biomass with the support of CA. Figure 4 showed an enhancement in biomass production was directly proportional to the addition of carbon dioxide concentration. This indicated that CA was still effective (not saturated) so that the concentration of carbon dioxide could be improved.
Conclusion
The higher of carbon dioxide flow rate causes the growth rate and biomass productivity increases, during the optimal residence time of carbon dioxide. This indicates that the carbon dioxide absorbed by the culture medium can be utilized.
The high concentration of carbon dioxide led to increase biomass production. Although the concentration of carbon dioxide was already saturated, but the biomass production process was still ongoing, as long as CA was still effective / not saturated so that carbon dioxide could be converted into carbonate compounds. This compound could be transformed into biomas. pH and nutrient availability affect the growth of medium culture. An adequate nitrate and alkaline condition would enhance the growth of culture. The avaibility of light and carbon dioxide were very important factor for photosynthesis procesess.
